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I. INTRODUCTION 
For many generations the livestock breeder has attempted 
to select and improve animals that were consistent with a 
preconceived ideal. In many cases he has been successful and 
has been economically rewarded through higher prices for his 
livestock. However, ideals have undergone cyclic changes over 
the years. Hogs have especially been variable in ideal, 
changing from a small, chubby type to a large, rangy type 
from 1200 to 1920. Craft (1958) states that three types— 
small, intermediate and large—were recognized from 1912 to 
1930 but by 1940 the intermediate type prevailed. Consumer 
demand for leaner pork and the declining price for lard in 
comparison with other pork products has prompted the present 
concept or ideal of a "meat type" pig. 
The development of the technique of probing by Hazel and 
Kline (1952) as a tool for selecting meatier pigs offers 
opportunity for increasing the pounds of lean meat a hog will 
yield. Breeders can use the probe in selecting for meatier 
breeding stock without sacrificing the animal. The use of 
ultrasonic equipment in measuring the depth of fat and muscle 
size also promises to be of value in the selection of meatier 
pigs. 
The consumer wants lean meat that has a minimum of vis­
ible fat end desirable tenderness and flavor. The hog pro­
ducer stresses production traits such as rate and efficiency 
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of gain, litter size, soundness of feet and legs, etc. A 
thorough knowledge of the genetic and environmental relation­
ships existing between the production traits end the carcass 
characteristics is necessary for an accurate selection pro­
gram. A measure of the heritable portion of the variation in 
a trait and its phenotypic and genetic relationships with 
other traits are necessary in constructing selection indexes 
end estimating the improvement to be expected from selection. 
The purpose of this study is to investigate the genetic 
and environmental factors influencing production end carcass 
traits in barrows from the Iowa Swine Testing Station. 
Changes occurring in these treits during the six testing 
periods are examined. %e heritabilities and genetic rela­
tionships of these traits are also studied. 
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II. REVIEW OF LITERATURE 
A. Environmental Influences 
The effects of year and time of year have been establish­
ed as important causes of variation in many studies of swine 
data. Lush (1956) found important time trends and yearly 
fluctuations in daily gain, economy of gain, body length and 
backfat thickness in an analysis of Danish progeny-testing 
records. Feed units per unit of gain showed a steady de­
crease from 1922 to 1929, amounting to about 8 percent. 
Whs.tley (1942), using data from an inbreeding experiment 
with Poland China hogs, found that fall farrowed pigs weighed 
significantly more than spring farrowed pigs at 180 days of 
age. The 1,190 spring farrowed pigs weighed 178 pounds 
whereas 204 fall farrowed pigs weighed 194 pounds. Important 
year to year variations were also noted which in part could 
have been due to increasingly intense Inbreeding. 
Baker et. al. ( 1943) reported that a linear time trend 
over a four-year period and season of farrowing (spring or 
fall) were unimportant sources of variation in weights of 
pigs at various ages. 
Large seasonal differences were noted by Blunn and Baker 
(1947) for rate of gain, depth of backfat and circumference 
of ham in 416 hogs. 
Fredeen (1953) found province and year differences 
4 
accounted for "between 7 and 18 per cent of the variation in 
age at 200 pounds, length of carcass, shoulder fat, backfat, 
loin fat, per cent ham and per cent shoulder in Canadian 
Yorkshire swine. Province and year differences contributed 
62 and 57 per cent of the variation in loin eye area and feed 
per pound of carcass gain. 
Johansson and Korkman (1950) reported on year and season­
al differences in 3,036 test groups of four pigs each in the 
Swedish Landrace and Large White breeds. Yearly differences 
were significant for backfst, thickness of belly, size and 
shape of ham, gain, and feed utilization. A steady increase 
in carcass length was exhibited from 1929 to 1937. Pigs 
raised in the summer months were slightly superior in thick­
ness of belly but no corresponding differences were noted 
in the thickness of backfat. Seasonal differences were also 
Important in feed utilization but had no effect on carcass 
length. 
Sutherland (1958), using data from the Iowa Swine Testing 
Station, reported highly significant differences among seasons 
for gain, efficiency, and live probe- Both time trends and 
seasonal effects contributed to these differences. Using more 
extensive data from the same station, Cox (1959) found that 
season differences contributed 10 and 25 per cent of the total 
variation in gain and live probe, respectively. Farm effects 
constituted about 10 per cent of the variation in live probe 
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but had no noticeable effect on rate of gain. 
Cobb (1958) reported differences between years were high­
ly significant for daily gain, per cent lean cuts, per cent 
fat cuts and length of carcass. Farm differences were a high­
ly significant source of variation for all traits studied in 
1950 and 1951. 
B. Breed Effects 
Differences among the breeds have proved to be important 
constituents of the total variation for many of the characters 
studied in swine. Lush (19-36) reported a consistent differ­
ence in dressing percentage between the higher yielding York­
shires end pigs of the Landrace breed. No marked breed dif­
ferences were noted in daily gain or carcass length. 
Johansson and Korkman (1950) studied breed differences 
in 1,154 and 1,882 test groups of four pigs each in the 
Swedish Landrace and Large White breeds. Breed differences 
contributed about 5 per cent of the total variation for car­
cass length, 7 per cent for backfat, 3 per cent for size and 
shape of ham, 6 per cent for daily gain and 8 per cent for" age 
at slaughter. Breed differences accounted for only 1 per cent 
of the variation in feed utilization after corrections were 
made for body weight at the beginning end end of the test 
period. 
Breed differences in growth rate and carcass characters 
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were studied by Ollivier (1957) using seven breeds. Differ­
ences among the breeds were important sources of variation 
for carcass length, backf at thickness, yield, weaning weight 
and 154 day weight. 
Munson (1957), Sutherland (1958) and Cox (1959) investi­
gated breed differences in performance traits using data from 
the Iowa Swine Testing Station. All three authors found evi­
dence for real breed differences in daily gain and live probe -
The earlier author also reported highly significant breed dif­
ferences in per cent lean cuts and per cent defatted ham. 
Almost without exception, the existing experimental evi­
dence indicates that variation among the breeds constitutes 
a real and important source of variation in most performance 
traits in swine. 
C. Influence of Caracass Weight on Carcass Traits 
The final composition of the hog carcass is a result of 
the differential growth of skeletal, muscle, and fat tissues 
in the various areas of the body. Callow (19-35) states that 
pigs have three main phases of growth. During the first 
phase, the skeleton grows more rapidly than at any later 
period whereas muscular growth predominates during the second 
phase. This is followed by a third phase when the deposition 
of fat reaches a maximum. All three phases of growth appear 
to begin at the head and travel posteriorly. 
7 
>îcMeekan ( 1S40), in a detailed anatomical study of 13 
typical Large "White barrows, reported well defined differ­
ential growth patterns of the major body tissues. Skeleton, 
muscle tissue, end fat developed in that order, all exhibit­
ing an anterior-posterior gradient in order of development. 
The lower regions of the limbs developed first, gradually ex­
tending development toward the upper regions. 
Hammond and Murray (1937) investigated the effect of car­
cass weight on various carcass measurements, using data con­
taining various breeds and crosses from the London Dairy Show. 
A 10-pound increase in carcass weight resulted in increases 
of 12.28 mm. in side length, 2.43 mm. in shoulder fat, 2.65 
mm. in loin fat and 2.32 mm. in rump fat. 
Fredeen (1953) reported that increases in carcass weight 
caused an almost linear response in the various carcass 
measurements of Yorkshire carcasses ranging from 120 to 176 
pounds. A 5-pound increase in cold carcass weight was asso­
ciated with average increases of .17 inch in carcass length, 
.03 inch in fat over the shoulder, back and loin, .13 square 
inch of loin area, and a decrease of -10 per cent of both ham 
and shoulder. 
Weight increases in the chilled carcass caused a response. 
in all carcass traits studied by Anderson (1954). Constants 
for each 5-pound increment in carcass weight were obtained 
and used to correct the data. A 5-pound increase in carcass 
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weight was associated with average increases of • 18 inch in 
body length, .75 per cent in fat cuts, .05.inch in backfat 
and a decrease of .55 per cent in lean cuts. ' These values 
were computed by averaging the differences between the con­
stants. The constants were, however, somewhat inconsistent 
with a biological interpretation which was probably due to 
sampling error in the smaller subclasses. Where limited date 
are available and the assumption of linearity holds over the 
weight range, a more realistic method would be to fit a 
regression of the various traits on carcass weight so that 
some of the subclasses are not over or under corrected. 
Cobb (1958) found that all regressions of carcass traits 
on warm carcass weight were highly significant. An increase 
of 1 pound in warm carcass weight resulted in 1.0 mm. longer 
carcasses, -06 per cent more fat cuts, .01 inch thicker 
backfat and a decrease of .04 per cent in lean cuts -
D. Herliabilities 
The total variation for a particular trait has been sep­
arated into the genetic and environmental components by vari­
ous methods. Data for the paternal half sib method of analysis 
have been readily available and used extensively- However, 
environmental correlations between half sibs have often biased 
these heritability figures upward. 
Estimates of the heritable portion of the variation for 
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daily gain from weaning to 180-200 pounds have centered 
around .29, ranging from .14 to .58 (Craft, 1958)• 
Lush (1936), in combining several estimates, found herit-
ability to be .24 for daily gain in the Danish Landrace pig. 
Jonsson (1957), using a paternal half sib analysis on 5,996 
Danish Landrace test-station pigs, reported heritability to 
be .78 for daily gain. The values were biased upward if 
there were carryover effects of pre-test environment. 
Using the paternal half sib correlation method in Poland 
China and Landrace pigs, Dickerson (1947) found heritsbility 
to be .31 for daily gain. 
Johansson and Korkman (1950) found heritability of gain 
to be .26 in Swedish Landrace and Large White pigs. A herit­
ability value of .57 was reported for age at slaughter> which 
is a measure of gain. Fredeen (1953) obtained a value of .55 
for age at slaughter in Canadian Yorkshire pigs using a 
paternal half sib analysis. Both studies were concerned with 
testing station data and the environmental correlation re­
sulting from pre-test environment may cause these values to 
be too large. 
' Sutherland (1958) reported heritability of gain to be 
.85 in data from the Iowa Swine Testing Station. The environ­
mental correlation between half sibs resulting from a common 
farm and pre-test environment was thought to bias the figures 
upward. However, differences between farms did not appear to 
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be important. Cox (1959), using more extensive data from the 
Iowa station, found heritability of gain was reduced from .58 
to .07 when the effects of farm x season were removed-
Heritability figures for economy of gain have been some­
what more variable, ranging from around .10 to .70. An aver­
age figure appears to be around .30, which is very similar 
to that for daily gain in magnitude. 
Jons son (l957) and Sutherland (1958) obtained figures of 
.78 and .87 for feed efficiency from paternal half sib anal­
yses. These values are probably biased upward if the envi­
ronmental correlation between half sibs was important-
Fredeen (1953) found heritability to be .30 for feed econ­
omy in an extensive study of paternal half sib correlations 
on the Canadian Yorkshire. 
Anderson (1954) obtained the value of -26 for feed effi­
ciency in the paternal half sib analysis of 550 pigs fed at 
the Iowa Agricultural Experiment Station. 
%bst carcass traits appear to be more highly heritable 
than production characters. Heritability figures for live 
probe ana backfat thickness center around .50. 
Sutherland (1958) obtained values above unity for live 
probe in data from the Iowa Swine Testing Station. Cox 
(1959), working with similar data, found that the heritabil­
ity value for probe was reduced from unity to .49 when the 
effects of farm differences were removed. 
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Lush (1936), in an analysis of Danish progeny testing 
records, ascertained that heritability of backfat thickness 
•was around .47. Jonsson ( 1957) reported the heritable por­
tion to be .63 for backfat thickness in Danish Landrace swine. 
Dickerson (1947) found heritability of backfat thickness 
to be .64 in the analysis mentioned earlier-
Johansson and Korkman (1950) ascribed 52 per cent of the 
variation due to the additive effects of the genes for back-
fat thickness in a study of Swedish testing station data. 
Almost without exception studies involving carcass length 
have shown this trait to be highly heritable. Craft (1958), 
in a summary of various data, gives a range of .40 to .81 
and an average value of .59 for heritability of carcass 
length. 
Lush (1936) lists an average heritability value for body 
length of .54 in Danish Landrace and Yorkshire swine. 
Johansson and Workman (1950) reported that length of car­
cass was 62 per cent heritable in a paternal half sib analysis 
of the Swedish Landrace and Large White breeds. 
Fredeen (1953) and Anderson (1954), using the correla­
tion of paternal half sibs, found heritability for carcass 
length to be .40 and .48, respectively. 
Heritabilities are fairly high for lean cut percentage 
and certain portions of the carcass. Craft (1958) gives an 
average of .31 for the heritability of lean cut percentage, 
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computed from various studies. 
Dickerson (1947) and Sutherland (1958) found heritability 
of lean cut percentage to be .29 and ..38, respectively. Both 
authors used the paternal half sib method of analysis. 
Anderson (1954) obtained the somewhat lower value of .15 
in 550 pigs representing various breeds and lines. 
Fredeen (1953) investigated the heritabilities of per 
cent ham and per cent shoulder in data from the Canadian test­
ing stations. Values of .51 and .38 were obtained for per 
cent ham and per cent shoulder, respectively. The data in­
cluded 12,084 Yorkshire pigs tested from 1939 to 1949. 
Craft (1958) reported average heritability figures of 
.58 and .47 for ham percentage and shoulder percentage in a 
review of several studies. 
Interest in loin eye area for its own value and as a 
predictor of lean cuts has increased in the last few years. 
Craft (1958) reported an average value of .48 for heritabil­
ity of loin eye area. 
Fredeen (1953) reported heritability to be .65 for loin 
eye area in the Canadian Yorkshire. 
E. Phenotypic Correlations 
A partial summary of the phenotypic correlations among 
various traits is given in Tables 1 and 2. 
The negative correlation between daily gain and feed 
Table 1. Phenotypic correlations 
Feed 
effi­
ciency 
Backfat 
thick­
ness 
Body 
length Probe 
Daily gain -.69 
154 day 
weight 
- . 66  
.84 
.83 
.15 
.28 
.43 
.19 
+ .07 
+ .17 
+ .29 
+ .29 
+ .10 
—. 06 
- .22  
-.09 
+ .13 
+ .39 
-.03 
+ .11 
+ .07 
+ .03 
+ .02 
— .01 
+ .03 
+ .07 
+ .27 
+ .28 
% 
lean 
cuts Notes Author 
-.19 
1st period 
gain 
2nd period 
gain 
3rd period 
1929-1933 
1934-1937 
1938-1943 
Barrows 
Gilts 
.18 
.15 
.04 
.38 
Lush (1936) 
Blunn and Baker (1947) 
Blunn and Baker (1947) 
Blunn and Baker (1947) 
Dickerson (1947) 
Dlckerson and Grimes 
(1947) 
Johansson and Korkman 
(I960) 
Johansson and Korkman 
(I960) 
Johansson and Korkman 
(1950) 
Jonsson (1957) 
Jonsson (1957) 
Munson (1957) 
Sutherland (1958) 
Cox (1959) 
Anderson (1954) 
Cobb (19 52) 
H 
« 
Table 1, (Continued) 
Feed Backfat % 
effi- thick- Body lean 
oienoy nesa length Probe cuts Notes Author 
Feed 
efficiency 
+ .09 + .06 
+ .12 + .05 + . 10 
-.47 
— » 04 
+ . 18 
-.14 -.01 + .06 
+ .32 -.03 Barrows 
+ .19 -.01 Gilts 
+ .19 
+ .29 
— •15 
-.39 
Lush (1936) 
Dickerson (1947) 
Cobb (195?) 
Fredeen (1953) 
Anderson (1954) 
Jonsson (1957) 
Jonsson (1957) 
Munson (1957) 
Sutherland (1958) 
Table 2. Phenotypic correlations 
Baokfnt % Loin Ham 
thick- fat eye lean % % 
Length nese cuta Probe area area ham shoulder Notes Author 
% lean 
cuts +.13 
+ .38 
Length 
-.72 -.78 
- . 6 6  
—. 51 
- . 2 2  
- . 2 2  
-.27 
- . 2 0  
-.35 
+ .53 
+ ,  6 6  
-.57 
-.57 +.69 
-.67 
+ .88 
-.59 +.89 
+.04 -.62 -.91 -.70 +.58 +.61 +.85 
-.41 
+.38 +.28 
-.07 -.14 +.001 
Shoulder 
fat 
Backfat 
Loin fat 
Smith (1941) 
Anderson 
(1954) 
Kline and 
Hazel (1955) 
DePape and 
Whatley 
(1966) 
Lasley et al. 
(1966) 
Pearson et 
al. (1956) 
Munson (Î957) 
Go ope r (i960) 
Sutherland 
(1958) 
Aunan and 
Winters 
(1949), 
Fredeen (1953) 
Fredeen 
Fredeen 
Fredeen 
1929-1933 Johansson 
Korkman 
( 1950) 
(1953) 
(1953) 
(1953) 
and 
Table 2. (Continued) 
Baokfat % Loin 
thick- fat eye 
Length ness outs Probe area 
Length -.28 
+•06 —•14 
— .11 — « 33 
.23 
.27 
Loin 
eye 
area -.19 
-.38 
-.32 
-.12 
-.21 
— . 41 . 44 
- .28  - .26  
-.58 
Ham 
lean % % 
area hem shoulder Notes Author 
1938-1943 Johansson and 
Korkman 
(I960) 
Anderson 
(1954) 
DePape and 
Whatley 
(1956) 
Pearson et 
al. (1956) 
Barrows Jonsson (1957) 
Gilts Jonsson (1957) 
Cooper (1958) 
+ .40 
+ .25 + .09 
Shoulder 
fat 
Baokfat 
Loin fat 
+ .53 
Smi th (1941) 
Fredeen (1953) 
Fredeen (1953) 
Fredeen (1953) 
Fredeen (Î953) 
Hazel and 
Kline (1952) 
DePape and 
Whatley 
(1956) 
Cooper (1958) 
Pearson et 
el. (1956) 
Table 2. (Continued) 
Baokfat % Loin Ham 
thiok- fat eye lean 
Length neao cuts Probe area area ham shoulder Notes Author 
Baokfat -.28 
CO i—i i 
-.26 -.31 
— .25 -.33 
-.43 
+ .70 
+ .70 
Shoulder 
fat 
Baokfat 
Loin fat 
Fredeen (1953) 
Fredeen (1953) 
Fredeen (1953) 
Hazel and 
Kline (1952) 
Cooper (1958) 
Pearson et, 
al. (1956) 
18 
efficiency indicates that faster gaining pigs are more effi­
cient in converting feed into body tissues. 
Backfat thickness and live probe appear to be positively 
correlated with daily gain. The faster gaining pigs tend to 
deposit more fat. The negative correlation between gain and 
per cent lean cuts indicates that faster gaining pigs have 
less lean. Jonsson (195?) found a low negative relationship 
between gain and backfat thickness in Danish Landrace swine. 
Since backfat thickness and feed efficiency were positively 
correlated, he concluded that it took more energy to produce 
fat than lean. However, his gross correlations were not cor­
rected for differences in seasons or testing stations. Cor­
relations between measures of fatness and feed efficiency vary 
from low negative to low positive in the different studies -
Body length appears to be almost independent of either 
daily gain or feed efficiency. Length and backfat thickness 
were negatively correlated in most studies, with the correla­
tion averaging around -.20. Length and per cent lean cuts are 
slightly positively correlated indicating the longer hogs have 
somewhat more lean cuts. 
The per cent of lean, cuts and the various fat measure­
ments are automatically negatively correlated when pigs are 
slaughtered at a constant weight. The correlation of per cent 
lean cuts with backfat thickness and probe average around 
-.60. Loin eye area and other measures of lean content of the 
19 
carcass are fairly highly correlated with the per cent of lean 
cuts. Loin eye area is negatively correlated with backfat 
and live probe. 
F. Genetic Correlations 
Selection in farm animals usually consists of selecting 
simultaneously for more than one trait. Therefore, a know­
ledge of the genetic relationships existing among these traits 
is necessary in order to maximize improvement in net merit. 
Genetic correlations computed in the past few years among the 
various traits in swine have yielded information on this sub­
ject. 
Dickerson (194?) computed the genetic correlations of 
daily gain and feed economy with carcass characteristics in 
Poland China and Landrace pigs. Daily gain was correlated 
-.61, .75., .-1.-34 and .06 with per cent lean cuts, per cent fat 
cuts, average backfat thickness, and carcass length, respec­
tively . Feed economy was found to be correlated .64, -.72, 
-.58 and .27 with the same carcass measurements. 
Dickerson and Grimes (194?) reported the following gen­
etic correlations in data from a high-low selection experiment. 
Feed economy was correlated -.78 with daily gain, -.8-3 with 
length of feeding period and -.54 with 72-day weight. Daily 
gain was correlated -.96 and .65 with length of feeding period 
and. 72-day weight. 
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Johansson and Korkman (1950) reported on genetic corre­
lations in the Landrace end Large White breeds in data from 
the Swedish swine testing stations. From data on full sibs 
of the same litter, carcass length was found to be genetically 
correlated -.15 with backfat thickness, -.10 with size and 
shape of ham and -.09 with age at slaughter- Using full sibs 
of different litters the genetic correlations of the same 
traits were -.42, --09 and -10. 
Fredeen (195-3), in an extensive study of testing station 
data on the Canadian Yorkshire, reported the genetic correla­
tions shown in Table 3. 
Anderson (1954) obtained the genetic correlations shown 
in Table 4 in data from 550 pigs of various breeds and crosses 
from the Iowa Experiment Station. The correlations were com­
puted by the sire component method end were subject to a high 
sampling error since relatively few degrees of freedom were 
available. 
Jonsson (1957), working with Danish Landrace pigs, re­
ported genetic correlations of -.914 and -.845 between daily 
gain and feed conversion rate in barrows and gilts, respec­
tively. Backfat thickness was correlated -.186, -252 and 
-.579 with daily gain, feed conversion rate, and body length 
in the barrows. The negative correlation found between back­
fat thickness and daily gain is of opposite sign of the find­
ings of most researchers. However, a small positive correla-
Table .3. Genetio correlations (from Fredeen, 1953) 
Length 
Shoulder 
fat Baokfat 
Loin 
fat % ham 
% 
shoulder 
Loin eye 
area 
Feed 
efficiency 
Age at 200 lbs. -.153 .128 - .046 -.009 .09.3 .090 .101 .373 
Oaroass length -.172 - .267 -.110 -.225 -.017 -.166 .018 
Shoulder fat .663 .667 -.402 - .209 -.161 .034 
Backf at .740 -.360 -. 50 3 -.077 -.011 
Loin fat -.307 -. 493 -.190 .003 
% ham .194 .273 -.086 
% shoulder .167 -.044 
Loin eye area -.128 
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Table 4. Genetic correlations (from Anderson, 1954) 
% fat % lean Economy Rate 
cuts Backfat cuts of gain of gain 
Body length -.53 -1.24 . 65 .18 -.71 
% fat cuts 1.10 —1 » 5o .05 .56 
Backfat -1.15 
lO H 1 .02 
% lean cuts .28 -.26 
Economy of gain 
-1.70 
tion of .094 was obtained between backfst thickness and dally 
gain in the gilts. Backfat thickness was genetically corre­
lated .024 and -.240 with feed conversion rate and body length 
in the gilts. 
Sutherland (1958) found the genetic correlation of daily 
gain and probe to be .38 in 96 pairs of barrows from the Iowa 
Swine Testing Station. When farm differences were accounted 
for, this correlation changed to .55. Feed efficiency was 
genetically correlated -.44 and .55 with daily gain and probe. 
Per cent lean cuts was genetically correlated -.09, -.83 and 
-.91 with daily gain, feed efficiency and. probe, respectively. 
Cox (1959), using data from the same source, found the genetic 
correlation of gain and probe to be .59 on a within farm 
.basis. 
23 
III. NATURE AND SOURCE OF DATA 
The data used in this investigation were obtained from 
the Iowa Swine Testing Station at Ames, Iowa. They include 
5-38 barrows representing nine breeds that were tested during 
the first six seasons of operation. The pigs studied were 14 
Berkshire, 29 Chester White, 104 Duroc, 139 Hampshire, 53 
Land race, 90 Poland China, 40 Spotted Poland China, 14 Tsm-
worth, and 45 Yorkshire- The entries for the tests were fur­
nished by the purebred swine breeders of Iowa. A spring and 
fall test was conducted each year beginning in the spring of 
1956 and continuing through the fall of 1958 giving rise to 
six testing periods. The spring tested pigs were farrowed in 
the first few months of the year and were tested primarily 
during the months of April, May, June, and July. Pigs tested 
in the fall seasons were farrowed in late summer and early 
fall and were on test primarily during the months of October, 
November, December, and January. 
The barrows studied were group fed in pens with either 
half sib or full sib boars. The first two seasons an entry 
consisted of six pigs, with two boars and a barrow being fed 
in each of two pens. The six pigs making up an entry were by 
the same sire and at least three different dams. Fifty-one 
breeders participated in each of the first two seasons filling 
the 102 pens. From the spring of 1957 through the fall of 
1958 an entry consisted of three boars and a barrow housed in 
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one pen, thus permitting 102 breeders to participate each 
season- Again, an entity was by the same sire and at least 
three dams. 
The pigs entered the station ranging in weight from 30 
to 60 pounds and averaging around 45 pounds - Pigs weighing 
more than 60 pounds on arrival were not accepted. A pen was 
put on test when the pigs averaged 60 pounds, thus permitting 
a short "evening out" period. This procedure permitted indi­
vidual weight differences within a pen. The barrows in this 
study ranged from 39 to 89 pounds when they were started on 
test. No age restrictions were placed on the entries although 
they are limited by the weight restriction. 
The pigs were fed a pelleted ration consisting of ground 
corn, mixed protein, salt, mineral, and supplemented with 
antibiotics and vitamins. The pigs were fed a 16 per cent 
protein ration from their arrival at the station until the 
pen averaged around 100 pounds. A 14 per cent ration was fed 
for the remaining period. The ration changed slightly from 
season to season but never within a testing period-
Most of the barrows were slaughtered when they weighed 
200 to 215 pounds. Carcass data were obtained the first two 
seasons at the Iowa State University meats laboratory, and the 
remaining seasons at the packing plant of Geo- A. Hormel and 
Co., Fort Dodge, Iowa. 
The traits studied were pounds of lean cuts, pounds of 
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skinned ham, pounds of trimmed loin, pounds of trimmed 
shoulder, backfat thickness, carcass length, loin eye area, 
live probe, daily gain and feed efficiency. 
The chilled carcass weights were taken 24 hours after 
slaughter and just prior to cutting. The head and leaf fat 
were removed at the time of slaughter and were not included 
in the chilled carcass weight. The pounds of lean cuts were 
the sum of the pairs of skinned hams, trimmed loins, trimmed 
picnics and Boston butts of the chilled carcass. The pounds 
of skinned ham and trimmed loin were the sum of the two hams 
and loins, respectively. The pounds of shoulder were the sum 
of the two trimmed picnics and Boston butts. These two cuts 
were combined and designated as shoulder because the same 
muscle groups are concerned in both cuts and since a cutting 
error that results in a large picnic will cause a correspond­
ingly small Boston butt, and vice versa- All the cuts were 
weighed to the nearest one-tenth pound. 
Carcass backfat was the average of three measurements 
taken at the first rib, last rib and last lumbar vertebra, 
measured to the nearest five-hundredths of an inch- The car­
cass length was measured from the forward point of the aitch 
bone to the forward point of the first rib to the nearest five-
hundredths of an inch- Tracings of the loin eye (longissimus 
dorsi) were taken at the tenth rib at the time of cutting and 
were later measured with a planimeter, giving the area to the 
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nearest one-hundredth of a square inch. 
The barrows were probed when they weighed 185 to 205 
pounds. The measurement used was the average of six probes 
adjusted to a 200-pound live weight basis using correction 
factors suggested by Durham and Zeller (1955). Probe measure­
ments were taken over the shoulder, back, and loin on both 
sides corresponding to anatomical sites over the third rib, 
over the last rib, and over the last lumbar vertebra. All 
probe sites were 1.5 to 2 inches from the mid line of the 
body. 
Daily gain was calculated from the time the barrow went 
on test (approximately 60 pounds) until he was slaughtered 
(200-210 pounds)- The figure used was obtained by dividing 
the total gain in pounds during this period by the number of 
days. Individual feed efficiency records were not available 
and pen efficiency figures were used in this study. 
tr 
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IV. METHOD OF ANALYSIS AND RESULTS 
A. Preliminary Analyses 
In testing station data, where only selected individuals 
are tested, the environmental and genetic factors are often 
partially or completely confounded and their separation is 
difficult or impossible. Some farms participated in the test 
in only one season and consequently only one sire was tested. 
Thus, in these cases the farm and sire effects are completely 
confounded. 
Also, the data in this Investigation were highly selec­
tive in nature since only one or two pigs were tested from 
each litter. Therefore, the breeders' ability to select pigs 
of uniform type and weight may have resulted in a higher cor­
relation between members of a sire group than would be present 
between random members of the group. 
Many of the sires had only one or two barrows in a 
particular season but had offspring that were tested in more 
than one season. The data were such that, if half sibs 
tested in different seasons were put on a comparable basis 
as regards season, the degrees of freedom for the error term 
(half sibs within sires) could be almost doubled. This lends 
more stability to the heritability figures and genetic cor­
relations. Therefore, if seasons are regarded as fixed, least 
squares estimates of constants for seasons can be obtained 
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and used to correct the data. This procedure eliminates the 
variation due to season of testing and puts all the half sibs 
within a sire group on a comparable basis. The validity of 
this procedure rests on the assumption that all main effects 
and Interactions are adequately described by the model. 
Therefore, before season constants could be computed, sev­
eral preliminary decisions had to be made as to what factors 
were important enough to justify their inclusion in the 
model. 
1. Age and weight 
The age and weight differences among pigs at the begin­
ning of the testing period could have an important influence 
on the characters studied. The Initial weight of a barrow 
is determined to some extent by the boars in the pen since 
the pigs are started on test when the pen averages 60 pounds 
per pig. The gaining ability of the pig and his pre-test 
environment also determine his particular age-weight combina­
tion. Factors contributing to the pre-test environment would 
be such variables as litter size, mothering ability, time of 
weaning, general housing and management, etc. Correcting the 
dependent characters for differences in age and/or weight at 
the beginning of the testing period would put the pigs statis­
tically on an age and/or weight constant basis at the start 
of the testing period. 
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A preliminary analysis was conducted to determine what 
proportion of the variation in the resultant characters could 
"be attributed to the age and weight variables at the beginning 
of the testing period. The characters studied were lean cuts, 
backfat thickness, loin eye area, live probe and daily gain. 
Figure 1 shows the relationship of initial age and initial 
weight postulated as determining the resultant characters. 
The season means for age and weight at the beginning of 
the test are shown in Table 5. The initial weight increased 
slightly over the seasons. The breeders were urged to bring 
in heavier barrows as the seasons progressed, so that the car­
cass information would be available when the boars were sold. 
Table 5. Season means for initial age and initial weight 
rAge 
e^ight^ "^  
Figure 1. Postulated relationship of initial age and 
initial weight with dependent variables 
1956 1956 1957 1957 1958 1958 Aver- Standard 
Spring Fall Spring Fall Spring Fall age deviation 
Age 
in days 73 72 73 74 73 70 72 +8.4 
Weight 
in lbs. 59.6 56.6 60.6 61.9 62.3 63.3 60.1 +7.4 
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The total and the within breed-season correlations be­
tween age and weight at the beginning of the test were both 
.23. The selection of pigs to go on test at nearly the same 
weight could force the correlation of initial age and initial 
weight downward. Older pigs, small for their age, and younger 
but larger pigs would tend to be selected for testing and 
thus would contribute to the smallness of the correlation. 
The total and within breed-season regressions and corre­
lations of the five traits with Initial age and initisl weight 
are presented in Table 6. The total regressions and correla­
tions of the various traits with initial age ere in every case 
of opposite sign to those with initial weight. Since initial 
age accounts for only about one-sixteenth of the variation 
in initial weight, the differences in rate of pre-test gain 
Table 6. Regressions and correlations of traits with initial 
age and initial weight 
Initial age Initial weight 
Within Within 
Trait Total breed-season Total breed-season 
b r b r b r b r 
Lean cuts -.048 — .10 -.022 — - 05 .065 .12 .045 .09 
Backfat .000 .01 .000 — » 02 -.00-3 -.10 .001 .02 
Loin eye 
area -.001 -.02 .000 
o
 
o
 .012 .16 .003 .05 
Probe .002 .05 .001 .05 -.004 -.12 .001 .04 
Gain — . 001 -.06 .000 .00 .004 .14 .007 .26 
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must necessarily be a large source of variation in initial 
weight. The total regressions and correlations are small but 
are consistent with McMeekan1s (1940) theory that pigs with 
early, rapid growth are the meatier pigs upon reaching 
slaughter weight. 
However, the within "breed-season regressions are not 
consistent with this theory. Presumably, the differences be­
tween the breed and season groups cause some of the smaller 
values to change in sign. The. within breed-season regressions 
of lean cuts on initial age and initial weight maintain the 
same sign as the total regressions. 
The fraction of the total variation in the resultant 
traits accounted for by age and weight differences at the be-
P 2 ginning of the test period is given by + a + Saw r^ w 
(Figure l). The total correlations of age and weight with the 
various traits were used in the equations in solving for a and 
w. The standard partial regressions (a and w) and the per 
g 
cent of the total variation (H y.AW^  accounted for by initial 
age and initial weight are presented in Table 7. 
The results indicate that age and weight differences at 
the start of the testing period constitute a small portion of 
the total variation in the resultant characters. Consequently 
initial age and initial weight were not included in the fur­
ther analyses of these data. 
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Table 7. Standard partial regressions and per cent variation 
attributed to initial age and initial weight 
Trait a w Per cent variation 
Lean cuts —. lo6 .149 3.15 
Backfat .031 -.106 1.07 
Loin eye area -.057 .174 2.90 
Probe .084 -.141 2.16 
Daily gain -.097 .166 2.97 
2 .  Live weight versus carcass weight 
Differences in the carcass traits caused by weight dif­
ferences may be corrected to either a constant live weight or 
carcass weight basis. If only slight differences exist in 
yield other than differences due to "fill", an analysis based 
on carcass weight would be more accurate in a limited amount 
of data since it does not contain the "fill" constituent. If 
substantial breed or individual differences in yield other 
than "fill" exist, comparisons based on live weight may be 
more appropriate since this is the base used in deriving 
probe, gain and feed efficiency values. 
The number of barrows per sire ranged from one to four 
in this analysis. Since this subclass is small, differences 
in the amount of "fill" could Influence sire differences. 
Therefore, the further analyses of these data were carried 
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out on a carcass weight basis. 
The breed and season means for yield were computed, how­
ever, to gain some insight ss to the magnitude of these dif­
ferences (Table 8). The yields were computed by dividing the 
chilled carcass weight by the live weight of the pig 24 hours 
prior to slaughter. The yields are somewhat higher in the 
first two seasons since they are based on shrunk live weights 
whereas full weights were used the remaining four seasons. 
Also, the winter tested pigs appear to yield somewhat higher 
than summer tested pigs. 
Consistent breed differences in yield are evident in 
these data. In the six major breeds, the Yorkshire and Poland 
China yielded slightly more over the six seasons. The Duroc 
and Landrace yielded somewhat lower with the Hampshire and 
Spotted Poland China being intermediate. The three minor 
breeds yielded somewhat higher but this is apparently due to 
greater numbers in the first two seasons. The largest differ­
ence among the major breeds is 1.5 per cent. "A difference 
in "fill" of five pounds would account for around ?. per cent 
difference in yield. 
Although the breed differences in yield appear to be 
fairly small, they should be kept in mind when the base is 
changed from live to carcass weight in comparing breed merit. 
Table 8. Breed and season means for yield 
Breed 
Season 
Berk­
shire 
Chester 
White Duroo 
Hamp­
shire 
Land-
raoe 
Poland 
China 
Spotted 
Poland 
China 
Tarn-
worth 
York­
shire 
Aver­
age 
1956 No. 4 7 21 13 8 18 4 5 10 90 
Spring Yield 70.3 72.0 69.7 70.2 69.1 70.5 71.8 70.1 70.1 70.2 
1956 No. 4 10 26 20 10 14 5 4 6 99 
Fall Yield 70.9 70.8 69.6 70.0 69.2 71.2 69.4 71.6 70.7 70.8 
1957 No» 3 2. 17 13 11 11 6 1 6 70 
Spring Yield 67.0 69.0 67.4 67.6 66.9 68.0 67.0 69.8 68.9 67.6 
1957 No. 1 1 9 34 14 14 12 2 8 95 
Fall Yield 70.4 65.7 68.1 68.7 68.9 70.6 69.3 70.3 69.6 69.1 
1958 No. 1 5 18 26 10 17 6 1 10 94 
Spring Yield 65.9 68.5 66.9 67.5 67.6 66.9 66.5 69.0 69.0 66.5 
1958 No. 1 4 13 33 10 16 7 1 5 90 
Fall Yield 68.4 70.8 67.6 69.0 68.8 69.7 69.4 69.3 70.4 69.1 
Total No. 14 29 104 139 63 90 40 14 46 538 
Average Yield 69.3 70.4 68.2 68.8 68.4 69.5 68.8 70.4 69.7 68.8 
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3. Breed x season interactions 
The "breed-season means for the various traits were 
plotted for the six major breeds to establish whether the 
breed x season interactions were important enough to justify 
including them in the analysis. Four of the traits, including 
lean cuts, loin eye area, backfat thickness and daily gain, 
are shown in Figures 2 through 5. The distribution of the 
number of barrows per breed in the different seasons is given 
in Table 9. 
An the six major breeds exhibit an increase in the per 
cent lean cuts over the seasons although at slightly different 
rates. The Yorkshire breed is somewhat erratic which is 
Table 9. Distribution of barrows by breed and season 
Season 
Breed 
1956 
Spring 
1956 
Fall 
1957 
Spring 
1957 
Fall 
1958 
Spring 
1958 
Fall Total 
Duroc 24 26 21 11 18 14 114 
Hampshire 12 20 20 36 28 34 150 
Poland China 18 14 17 14 17 16 96 
Spotted 
Poland China 4 6 9 13 8 8 48 
Lsndrace 8 10 13 14 11 10 66 
Yorkshire 10 8 9 8 12 5 52 
Total 76 84 89 96 94 87 526 
Figure 2. Breed-season means for lean cuts percentage 
Figure 3. Breed-season means for loin eye area in square 
inches 
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probably due to the smaller numbers In that breed In par­
ticular seasons. However, no major differences in ranking 
have taken place and no large breed x season interaction is 
evident for per cent lean cuts. 
The loin eye area has also increased in size in all 
breeds through the seasons. A summer versus winter testing 
difference is apparent. However, the breed x season inter­
action does not appear to be an important factor for loin eye 
area. 
The backfat thickness has decreased corresponding to the 
increase in lean cuts. Barrows of the Yorkshire breed have 
not shown the decrease in backfat thickness exhibited by the 
other breeds. The large increase in backfat thickness in the 
1958 spring testing season in the Yorkshire barrows is prob­
ably due to the fact that only five barrows were tested. 
The breed x season interaction appears to be more impor­
tant for rate of gain than for the carcass characters. The 
Yorkshires are especially inconsistent for rate of gain. 
Using data on the boars from the same station as the present 
data, Cox (1959) reported that the breed x season interaction 
accounted for 3,1 per cent of the total variation in daily 
gain. A negative estimate was obtained for the breed x season 
interaction for live probe. 
The breed x season interaction did not appear to be a 
major source of variation in these data. Therefore, this 
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effect was not Included in the model in the fitting of con­
stants for seasons. Possible farm x season and sire x season 
interactions were also ignored in the fitting of constants 
for seasons. 
4. Fitting constants 
Least squares estimates of constants for the effects of 
seasons were computed using method two as described by Hender­
son (1955). The model used in the analysis was 
Yijklm = /*- + ci + bj + fj% + gJkl + bX1Jklm + eljklm 
(model a) 
where Yj.jklm is observation on the m^ *1 pig by the 1th 
sire on the farm of the breed tested in the i^ *1 season 
and having a carcass weight of X pounds. The model assumes 
that the effects are independent and additive in nature. 
Sires are nested within farms and breeds and are the 
lowest subclass that is crossed with seasons. Therefore, the 
sire equations were absorbed into the season and carcass 
weight equations to obtain the reduced normal equations. The 
resulting matrix was augmented to make the set of equations 
soluble by adding a row and column of one1s except for the 
diagonal element in question which is zero. The corresponding 
right hand sides were set to zero and the augmented matrix 
solved. 
The season constants and the regressions on carcass 
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weight are presented in Table 10. The figures for ham, loin 
and shoulder sum to the value for lean cuts in each case. The 
regressions of carcass length and backfat on carcass weight 
are similar to those found by Fredeen (1953), Anderson (1954) 
and Cobb (1958). 
Table 10. Constants for season and carcass weight effects 
obtained from least squares analysis 
Season 
Trait 
1956 
Spring 
1956 
Fall 
1957 
Spring 
1957 
Fall 
1958 
Spring 
1958 
Fall ba 
Lean cuts 
in lbs. -1.33 1.29 — .81 .46 .14 .23 .394 
Ham in lbs. -1.00 .23 -.61 .41 .34 .63 .153 
Loin in lbs. -.38 .48 -.22 -.47 .29 .30 .141 
Shoulder 
in lbs. .05 .58 .03 .52 -.48 -.70 .101 
Backfat in in. .15 -.05 .04 -.06 -.04 -.05 .011 
Loin eye area 
in sq. in. -.18 .01 —. 03 .20 .10 —. 10 .018 
Length in in. -.08 -.05 .10 -.12 .33 -.17 .026 
Probe in in. .29 .01 -.09 -.11 —. 08 — «01 .002 
Daily gain .11 .10 -.10 -.06 —. 04 .00 .004 
Feed 
efficiency —» 23 -.06 — .07 .23 -.10 .24 .001 
R^egression of various traits on carcass weight. 
43 
B. Season and Breed Means 
1. Unadjusted means 
The unadjusted season and breed means for the various 
traits are presented in Table 11. The number of barrows per 
breed is not proportional over the seasons so that breed dif­
ferences can contribute to differences among the seasons. 
Also, differences in carcass weight among the seasons makes 
it difficult to interpret time trends and seasonal differ­
ences (summer versus winter) in the carcass traits. However, 
a decrease in backfat thickness over the seasons and sn in­
crease in loin eye area are evident. Daily gain exhibits no 
consistent change although a slight downward trend may be 
present. A marked seasonal difference in feed efficiency 
between the summer and winter tested pigs is apparent. 
The decrease in probe (corrected to a 200 lb. live weight 
basis) through the seasons is impressive. An operator effect 
could be present since one individual probed the first two 
seasons and another the remaining four seasons. However, the 
depth of the probe measurement depends mainly on backfat 
thickness and size and shape of the loin eye. The season 
means for'probe are consistent with this concept and therefore 
no large effect of operators is evident. 
Breed differences are also apparent for many of the 
traits. Seasonal differences are partially confounded with 
Table 11. Unadjusted season and breed means 
Feed 
Loin effi­ Car­
Lean Back­ eye Carcass Daily ciency cass 
outs Ham Loin Shoulder fat area length Probe gain (feed/ wt. 
No. lbs. lbs. lbs. lbs. in. sq.in. in. in. lbs. gain) lbs. 
Season 
144.4 19568 90 70.3 27.1 19.9 23.3 1.64 3.26 29.1 1.71 1.81 2.90 
1966F 99 72.5 27.3 21.6 23.6 1.61 3.48 28.9 1.55 1.90 3.03 145.5 
19578 70 68.7 25.9 20.2 22.6 1.60 3.37 29.2 1.42 1.79 2.92 136.8 
1957? 95 72.7 27.9 21. ]. 23.6 1.52 3.79 29.2 1.32 1.76 3.18 140.7 
19588 94 70.8 27.1 21.2 22.4 1.51 3.30 29.4 1.38 1.78 2.86 137.9 
1958F 90 74.2 28.8 22.3 23.1 1.50 3.80 29.1 1.37 1.80 3.23 142.0 
Breed 
Berk­
shire 14 71.1 25.3 21.7 24.1 1.51 3.56 29.5 1.41 1.73 3.06 140.7 
Chester 
White 29 69 .6 26.4 20.5 22.8 1.76 3.07 28.6 1.74 1.70 3.09 145.0 
Dur oo 104 69.8 26.5 20.0 23.3 1.63 3.23 28.7 1.58 1.89 2.94 141.0 
Hamp­
shire 139 73.0 27.8 22.1 23.1 1.46 3.76 29.2 1.33 1.75 3.07 140.4 
Landraoe 63 71.7 27.3 21.4 23.0 1.52 3.33 30.7 1.39 1.93 3.00 141.0 
Poland 
China 90 72.9 28.9 20.9 23.1 1.53 3.94 28.1 1.41 1.79 3.06 142.0 
Spotted 
Poland 
China 40 71.3 27.8 2,0.5 23.0 1.67 3.82 28.6 1.49 1.80 3.06 140.6 
Tamworth 14 69.6 25.0 22.0 22.6 1.72 3.37 30.4 1.68 1.66 3.20 144.6 
York­
shire 45 71.6 26.9 21.4 23.3 1.66 3.45 30.0 1.60 1.83 2.89 149.8 
Overall 
means 538 71.6 27.4 2.1.1 23.1 1.56 3.56 29.1 1.46 1.81 3.09 141.4 
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the breed means since the number per breed is not proportional 
over the seasons. Therefore, the discussion of breed differ­
ences and a more thorough discussion of season differences is 
delayed to the discussion of the adjusted data. 
2. Adjusted means 
The carcass traits were corrected for carcass weight dif­
ferences using the regressions shown in Table 10. The regres­
sions of probe, daily gain and feed efficiency on carcass 
weight were essentially zero and were not used to correct the 
data. The live probe value was adjusted to a 200 pound live 
weight basis previously. Feed .efficiency is an average pen 
value when the pigs in the pen averaged 200 pounds. 
The season means, corrected for carcass weight differ­
ences, are presented in Table 12. Time trends are evident in 
many of the traits whereas other traits show little or no 
change. Also, summer versus winter testing differences appear 
to exist.for several traits. Again, breed differences may 
contribute to the differences among the seasons since the 
number per breed is not proportional over the seasons. How­
ever, all breeds have shown an increase in pounds of lean cuts 
and a corresponding decrease in backfat thickness end probe 
over the seasons. 
The pounds of lean cuts, ham and loin have increased 
over the seasons. No time trend is evident in the yield of 
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Table 12. Season means adjusted to a 140 lb. carcass weight 
Trait 
Season No. 
Lean 
cuts 
lbs. 
Ham 
lbs. 
Loin 
lbs. 
Shoulder 
in. 
Backfat 
in. 
Loin 
eye 
area 
sq.in. 
Carcass 
length 
in. 
1956S 90 68.5 26.4 19.5 22.8 1.59 3.18 29.0 
12 56F 99 70.3 26.4 20.9 23.0 1.54 3.38 28.7 
1957S 70 70.0 26.4 20.7 22-9 1.64 3.43 29.3 
1957F 95 72.4 27.8 21.0 23.6 1.51 3.78 2.9.2 
19 58S 94 71.6 27-4 21.5 22.7 1.54 3.67 29.4 
1958F 90 73.4 28.5 22.0 22.9 1.48 3.76 29.0 
Overall 
means 538 71.1 27.2 20.9 23.0 1.55 3.54 29.1 
pounds of shoulder. Pigs slaughtered during the winter months 
appear to have slightly more shoulder and more lean cuts. The 
average backfat thickness has decreased, corresponding to the 
increase in lean cuts. Again, a seasonal difference appears 
to exist with the winter slaughtered pigs having less back­
fat. The increase in loin eye area is impressive with an in­
crease of more than one-half square inch existing between the 
first and last season. Carcass length has not changed notice­
ably through the seasons. 
The breed means corrected for both season of testing and 
carcass weight differences are presented in Table 13. Breed 
Table 13. Breed means adjusted for seasons and for carcass weight 
Trait 
Loin 
Lean eye Carcass Daily Feed 
outs Ham Loin Shoulder Baokfs.t area length Probe gain effi­
Breed No. lbs. lbs. lbs. lbs. in. sq. in. in. in. lbs. ciency 
Berkshire 14 70.9 25.5 21.6 23.9 1.47 3.59 29.5 1.36 1.70 3.12 
Chester 
White 29 67.5 25.7 19.6 22.2 1.70 3.01 28.5 1.70 1.66 3.15 
Duroo 104 69.4 26.4 19.8 23.2 1.61 3.23 28.7 1.56 1.87 2.98 
Hampshire 139 72.6 27.5 22.0 23.1 1.48 3.73 29.2 1.36 1.76 3.02 
Landraoe 63 71,2 27.1 21.3 22.8 1.51 3.29 30.7 1.41 1.94 2.98 
Po land 
China 90 72.1 28.6 20.6 22.9 1.50 3.91 28.1 1.40 1.78 3.06 
Spotted 
Poland 
China 40 71.0 27.6 20. 5 2,2.9 1.58 3.77 28.6 1.52 1.82 3.00 
Tamworth 14 67.8 24.5 21.3 2,2.0 1.63 3.32 30.3 1.61 1.62 3.26 
Yorkshire 45 70.6 26.5 21.1 23.0 1.62 3.39 29 .9 1.49 1.82 2.91 
Overall 
means 538 71.0 2,7.1 20.9 23.0 1.55 3.53 
r-
i è 1.46 1.80 3.02 
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differences appear to exist for all traits under study. Bar­
rows of the Hampshire breed yielded more pounds of lean cuts 
and had less backfat and a lower probe. The Poland China 
pigs yielded a larger amount of ham and had larger loin eye 
areas. The probe and backfat measurements tend to agree more 
closely ia the breeds that have small loin eye areas. Differ­
ences among the breeds for gain and efficiency are evident 
with the faster gaining breeds generally being more efficient. 
C. Analysis of Variance 
1. General analysis 
An analysis of variance was performed on the data after 
corrections were made for season of testing and carcass weight 
differences. Variance components were obtained in order to 
compute the heri tabilities and genetic correlations. The 
model used in this analysis was: 
= + b^  + b13 + ejjk (model l) 
where Yjjk is the observation on the k^  individual by the 
jth sire of the 1^  breed. The classification is hlerarchal 
in nature and the expectations of the mean squares are given 
in Table 14. Capital letters, representing the variance com­
ponents , are used for the corresponding small letters in the 
model. 
The mean squares and components of variance, together 
with the percentage of the total variance represented by each 
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Table 14. Expectation of mean squares for model 1 
Coefficients of components of variance 
Source ES B 
Breeds 1 1.74-3 56-315 
Sires/breeds 1 1.463 
Within sires 1 
source, are presented in Table 15. 
Breed differences are a large source of variation in each 
of the wholesale cuts except pounds of shoulder. This indi­
cates that most of the breed variation in lean cuts originates 
from differences in ham and loin. Almost a third of the 
variation in ham and loin is due to breed differences. loin 
eye area and carcass length are also strongly influenced by 
breed differences, accounting for 31.2 and 48.7 per cent of 
the variation, respectively. Breed differences account for 
somewhat less of the variation in backfat, probe, and daily 
gain. 
In this analysis (model l), the sire component contains 
farm differences in addition to differences actually attribut­
able to sires. Therefore, the proportion of the variation 
ascribed to sires is probably biased upward in this analysis. 
The sire component accounted for 18.9 to 26.7 per cent of the 
variation in all traits except carcass length. Only 11.5 per 
Table 16. Mean squares and oomponents of variance for factors affecting carcass 
and production traits - model 1 
Degrees Component Component Component 
of Mean of variance Mean of variance Mean of variance 
Source freedom square Actual % square Actual% square Actual% 
Lean cuts Ham Loin 
Breeds 8 167.261 2.676 20 .8 61.429 1.049 31.4 46.548 .787 30.7 
Sires/breeds 357 11.328 3.301 26 .7 2.661 .626 18.9 2.073 .633 24.6 
Within sires 178 6.498 6.498 52 .6 1.647 1.647 49.7 1.146 1.146 44.7 
Shoulder Backfat thickness Loin eve area 
Breeds 8 6.186 .079 6 .0 .3179 .0050 14.2 5.4246 .0919 31.2 
Sires/breeds 367 1.648 .322 20 .4 .0346 .0094 26.7 .2326 .0641 21.7 
Within sires 172 1.177 1.177 74 .6 .0208 .0208 59.1 .1387 . 1387 47.1 
Caroass length Probe Daily gain 
Breeds 8 26.681 .464 48 .7 .6606 .0078 17.8 .4121 .0065 14.2 
Sires/breeds 367 . 539 .109 11 .6 .0413 .0113 25.7 .0438 .0095 20.7 
Within sires 172 .379 .379 39 .8 .0248 .0248 56.5 .0299 .0299 65.1 
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cent of the variation in carcass length was ascribed to the 
sire component. 
The variation within sires constitutes about 50 per cent 
of the total variation for the wholesale cuts except for 
pounds of shoulder. Here, larger errors probably are intro­
duced by differences in cutting procedure and in trimming 
than is the case for the ham and loin cuts. The variation 
within sires for loin eye area is also nearly 50 per cent of 
the total variation, whereas somewhat more than 50 per cent 
is due to variation within sires for backfat, probe, and daily 
gain. 
Heritabillty values were computed using the paternal half 
sib method of analysis as described by Lush (1945). The 
formula used was: 
H  =  r H -
This formula is valid only if mating is random and the 
sire component is free of environmental effects. Under these 
assumptions, the sire component (S) contains one-fourth of 
the genie variance plus a small fraction of the epistatic 
variance. The error term (E) includes all the random envi­
ronmental variance, three-fourths of the genie variance, all 
of the dominance variance and most of the epistatic variance. 
Therefore if the sire component contains no environmental 
effect, this method gives estimates that are between the broad 
and narrow definitions of heritabillty. 
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Several possible biases could affect the heritabillty 
values computed from these data. As was mentioned previously, 
farm effects would be included in the sire component. The com­
mon pre-test environment of barrows from the same farm in the 
first two seasons could add an environmental contribution to 
the likeness of half slbs. The multiplication by four would 
magnify these errors tremendously. 
The selective nature of the data could also affect the 
heritabillty values. Selecting pigs of uniform type and 
weight for testing purposes could also add to the likeness of 
half slbs and thus reduce the variation within sires. On the 
other hand, if the breeders practiced strong selection in the 
same direction the differences between sires would be reduced. 
The net effect on the heritabillty values would depend on 
which of the two effects was predominant. 
Also, the relationship among half slbs is likely to be 
slightly higher than .25 because the mates of a sire would be 
related in many cases. The multiplication factor should be 
the reciprocal of the relationship between paternal slbs. 
Multiplying by four is somewhat too high and therefore biases 
the heritabillty values upward slightly. 
He rltabilltie s for the various traits were computed using 
the variance components given in Table 15 and they are 
presented in Table 16. Obviously, all of the figures are 
biased upward, as evidenced by heritabllities of over one. 
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Table 16. Heritabillty values - model 1 
Triait Heritabillty 
Pounds of lean cuts 1.35 
Pounds of ham 1.10 
Pounds of loin 1.42 
Pounds of shoulder .86 
Backfat thickness 1.25 
Loin eye area 1.26 
Carcass length .89 
Live probe 1.25 
Daily gain .96 
However, the relative magnitudes may give some indication of 
f 
which traits are most heritable. The figures appear to be 
biased upward proportionally if compared with heritabillty 
values obtained in other studies. 
2. Inclusion of farm effects 
The same data were analyzed with the farm effects in­
cluded in the model. This analysis left fewer degrees of 
freedom for sires but attempted to separate the farm effects 
from the sire component. The farm component should contain 
the average differences between groups of dams on different 
farms plus the effects of pre-test environment peculiar to the 
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individual farms. However, all the data were used since the 
main objective was to obtain a sire component free from farm 
effects and not primarily to study the effect of farms. The 
analysis is hierarchal in nature (model 2) and farms that 
participated only once or participated more than once but 
tested only one sire would contribute, not only the true 
farm effect but also any effect of the one sire used on that 
farm, to the farm component. The sire effects are computed 
within farms and theoretically should be free from the effect.-
of general differences between farms. However, the sire com­
ponent still might contain effects other than the true sire 
differences. The average differences in merit between dams 
mated to each sire or the differences in age of the dams would 
be confounded with sire differences. Also, the pigs by the 
different sires within farms would be born at different times 
and differences in environment could contribute to sire com­
ponent. 
The model used was: 
Yijkl + bi * fij + sijk + eijkl (model 2) 
where îjjki is the observation on the l"6*1 pig by the k131 sire 
of the jfarm of the i^  breed. The coefficients of the 
variance components are listed in Table 17. 
The mean squares along with the components of variance 
and their relative percentages are presented in Tgble 18. 
The farm effects were small or negative for all carcass 
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Table 17. Expectations of mean squares for model 2 
Coefficients of components of variance 
Source ES F B 
Breeds 1 1.668 3.366 56.315 
Farms/breeds 1 1.483 2.550 
Sires/farms 1 1.389 
Within sires 1 
traits except pounds of shoulder and loin eye area. Farm 
effects were also Important for daily gain. 
The negative farm components are difficult to explain. 
In these data, the variation within farms is larger than the 
variation between farms. This result seems unlikely unless 
some factor forced the farms to be more uniform or forced the 
variation within farms to be large. The constants used to 
correct the data for season of testing did not remove the time 
trend completely from the data. If this trend in improvement 
is due to increases In merit within farms, the intra-farm 
variation would Increase relative to the inter-farm variation. 
This would tend to generate a negative intra-farm correlation. 
The improvement in merit within farms would explain both the 
small or negative farm components and the large sire compo­
nents. In other words, the large variation within farms Is 
probably due to the large sire differences over the seasons. 
Table 18, Mean squares and components of variance for factors affecting carcass 
and production traits - model 2 
Degrees Component Component Component 
of Mean of variance Mean of variance Mean of variance 
Source freedom square Actual W square Actual j* square Actual % 
Lean outs Ham Loin 
Breeds 8 167.261 2.704 20, .9 61.429 1.068 30.1 46 .548 .787 30.6 
Farms/breeds 199 10.861 -.345 — . 2.326 — « 024 — — 2 .062 -.014 — — 
Sires/farms 164 11.666 3.670 28, .4 2.807 .831 23.4 2 .038 .631 24.6 
Within sires 166 6.668 6.568 60 .7 1.663 1.653 46.6 1 .161 1.161 45.0 
Shoulder Backfat thickness Loin e.ve area 
Breeds 8 6.186 .076 4 .8 .3179 .0036 10.3 5 .4246 .0907 30.8 
F arma/breeds 199 1.761 .100 6 .4 .0350 -.0001 — — . 2783 .0398 13.5 
Sires/farms 164 1.486 .215 13 .6 .0343 .0103 30.6 .1744 .0263 8.9 
Within sires 166 1.186 1.186 75 ,2 .0200 .0200 69.2 .1378 .1378 46.8 
Carcass length Probe Dailv gain 
Breeds 8 26.6813 .4698 48 .9 .6606 .0108 20.8 .4121 .0064 14.0 
Farms/breeds 199 .6412 -.0036 — .0361 .0003 .6 .0486 .0044 9.6 
Sires/farms 164 .5391 .1212 12 .6 .0471 .0161 31.0 .0369 .0047 10.2 
Within sires 166 .3707 .3707 38 * 6 .0247 .0247 47.6 .0303 .0303 66.2 
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After correcting for seasons, sires of "barrows averaging 69.9 
pounds of lean cuts in the first season are compared with 
sires of barrows averaging 73.1 pounds of lean cuts in the 
last season. If this change in the population mean was due 
to an increase in the merit of the sires, a large sire com­
ponent would be expected. 
The heritabillty estimates, as shown in Table 19, were 
actually increased in many cases when farms were Included in 
the model. Only rate of gain, loin eye area and pounds of 
shoulder were reduced in magnitude. 
Table 19. Heritabillty values - model 2 
Trait Heritabillty 
Pounds of lean cuts 1.44 
Pounds of ham 1.34 
Pounds of loin 1.41 
Pounds of shoulder 
Backfat thickness 
Loin eye area 
Carcass length 
Live probe 
Daily gain 
1.58 
1.36 
.54 
.99 
.64 
62 
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5. Restricted analysis 
The most logical method to remove the time trend is to 
analyze the data within seasons. However, as was mentioned 
previously, this procedure would greatly reduce the degrees 
of freedom available for the component within sires. Two 
barrows per sire in a given season were available in only 
the first two seasons of operation. Therefore, an analysis 
was done on the data from the first two seasons on a within 
season basis. The model used was the hierarchal one: 
interaction would be included in the component for breeds 
within seasons. The coefficients for the components of vari­
ance are shown in Table 20. 
Table 20. Expectations of mean squares for model 3 
(model 3) 
Coefficients of components of variance 
Source E S B C 
Seasons 
Breeds/seasons 
Sires/breeds 
Half sibs/slres 
1 
1 
1 
1 
2 
2 
2 
9.69? 
0.637 91.609 
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The mean squares, variance components and their relative 
percentages are presented in Table 21. 
The sire component was reduced greatly in all cases ex­
cept for backfat thickness and probe, as compared with the 
results in the general analysis shown in Table 15. The 
effects of farm differences are included in the sire compo­
nent in this analysis, and therefore could bias it upward. 
The error component in the present analysis is also some­
what less for the measures of wholesale cuts. A possible ex­
planation is that the carcasses were cut in the University 
meat laboratory the first two seasons, while in the remaining 
seasons the carcasses were cut at the Hormel Packing Plant in 
Fort Dodge, Iowa. Any difference in cutting procedure could 
add to the error component for these traits. The error compo­
nents for all other traits are nearly the same as the previous 
analyses. 
Intrabreed heritabilities were again computed as 
4S 
E + S 
and are listed in Table 22. 
The héritability figures obtained in this analysis are 
similar to those found in other studies, except for backfat 
thickness and probe. Why the heritabillty values for these 
two traits are so high is not clear. 
Table 81. Mean squares and oomponents of variance for factors affecting caroass 
and production traite - model 3 
Degrees Component Component Component 
of Moan of variance Mean of variance Mean of variance 
Source freedom square Aotuàl> square Actual W square Actual /» 
Lean cuts Ham Loin 
Seasons 1 112.079 1.091 8.2 .296 -.008 — — 111 .470 1.189 32 .2 
Breeds/seasons 16 40.685 3.137 83.6 19.660 1.710 28.1 10 .155 .839 22. 7 
Sires/breeds 74 10.168 1.109 8.3 3.073 .510 11.9 2 .017 .364 9 ,6 
Within sires 98 7.950 7.950 59.9 2.058 2.052 48.0 1 .309 1.309 35 .3 
Shoulder Backfat ; thickness Loin eve area 
Seasons 1 .313 -.001 — .0591 .0006 1.4 1 .4398 .0152 6 .0 
Breeds/seasons 16 2.184 .097 7.5 .1126 .0069 16.2 .9485 .0786 31 .0 
Sires/breeds 74 1.247 .064 4.2 .0458 .0107 25.1 . 1859 .0864 10 .4 
Within sires 92 1.140 1.140 88.3 .0244 .0244 67.3 .1332 . 1332 52 .6 
Carcass length Probe Daily gain 
Seasons 1 3.0763 .0283 2.4 1.1513 .0125 18.9 .3942 .0042 9 »1 
Breeds/seasons 16 7.8024 .7627 65.8 .1942 .0160 28.7 .1233 .0090 19 .4 
Sires/breeds 74 .4069 .0381 3.3 .0490 .0104 15.7 .0362 .0038 6 .9 
Within sires 92 .3307 .3707 88.6 .0282 .0282 42.7 .0299 .0299 64 .6 
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Table 22. Heritabillty values - model 3 
Trait Heritabillty 
Pounds of lean cuts .49 
Pounds of ham .79 
Pounds of loin .85 
Pounds of shoulder .18 
Backfat thickness 1.22 
Loin eye area .66 
Carcass length .41 
Live probe 1.08 
Daily gain .38 
D. Analysis of Covariance 
An analysis of covariance vas carried out on the data 
that were corrected for season of testing and carcass weight 
differences. The same model was used as in the general anal­
ysis of variance and the expectations of the mean products 
were the same as presented in Table 14. The mean products and 
components of covariance are given in Tables 23 and 24. 
1. Phenotyplc correlations 
The gross- and intrabreed phenotyplc correlations are 
presented in Table 25. Slaughtering pigs at a constant weight 
Table 23. Mean products of covariance for factors affecting carcass and 
production traits - model 1 
Degrees Trait 
Source 
of 
freedom Trait 
Lean 
outs 
Backfat 
thickness 
Loin eye 
area 
Carcass 
length Probe 
Daily 
gain 
Breeds 
Sires/breeds 
Within sires 
8 
35? 
171 
Feed 
efficiency 
-1.5326 
-.2069 
-.0388 
.0075 
.0004 
.0029 
.1313 
-.0240 
-.0066 
-.9413 
-.0219 
-.0028 
.0738 
.0004 
.0126 
—.2613 
-.0148 
.0049 
Breeds 
Sires/breeds, 
Within sires 
8 
367 
• 171 
Daily 
gain 
.1113 
—.1064 
-.0681 
-.1788 
.0138 
.0035 
-.4338 
-.0337 
-.0581 
1.4475 
-.0256 
.0072 
-.0200 
.0050 
.0130 
Breeds 
Sires/breeds 
Within sires 
8 
367 
171 
Probe -9.7413 
-.4496 
-.2073 
.4450 
.0262 
.0150 
-1.3763 
-.0418 
-.0199 
-1.0313 
-.0723 
-.0204 
Breeds 
Sires/breeds 
Within sires 
8 
357 
171 
>. 
Carcass' 
length 
.4000 
.9815 
.1910 
—.2913 
—.0480 
-.0299 
-5. 7863 
.0337 
-.0209 
Breeds 
Sires/breeds 
Within sires 
8 
357 
171 
Loin eye 
area 
24.5525 
1.1152 
.5159 
—«9663 
-.0296 
—. 0146 
Breeds 
Sires/breeds 
Within sires 
: 8 
357 
171 
Backfat 
thickness 
-6.4550 
-.3369 
-.2196 
Table 24. Oomponents of oovarianoe for factors affecting carcass and production 
traits - model 1 
Trait 
Source Trait 
Lé an 
outs 
Backfat 
thickness 
Loin eye 
area 
Carcass 
length Probe 
Daily 
gain 
Breeds 
Sires/breeds 
Within sires 
Feed 
efficiency 
-.0230 
-.1149 
-.0388 
.0001 
-.0017 
.0029 
.0028 
-.0126 
-.0066 
-.0163 
-.0131 
-.0028 
.0013 
-.0083 
.0126 
-.0043 
-.0135 
.0049 
Breeds 
Sires/breeds 
Within sires 
Daily 
gain 
.0040 
-.0262 
-.0681 
-.0035 
.0070 
.0035 
-.0072 
.0167 
-.0581 
.0263 
-.0224 
.0072 
-.0004 
-.0056 
.0130 
Breeds 
Sires/breeds 
Within sires 
Probe -.1642 
-.1656 
-.2073 
.0074 
.0070 
.0150 
-.0236 
-.0160 
-.0199 
-.0169 
-.0355 
-.0204 
Breeds 
Sires/breeds 
Within sires 
Carcass 
length 
-.0130 
.6403 
. 1910 
-.0043 
-.0124 
-.0299 
-.1035 
.0373 
-.0209 
Breeds 
Sires/breeds 
Within sires 
Loin oye 
area 
.4141 
.4096 
.6159 
-.0166 
-.0103 
-.0146 
Breeds 
Sires/breeds 
Within sires 
Backfat 
thickness 
— » 1083 
-.0795 
-.2196 
Table 85. Phenotyplc and genetic correlations 
Backfat Loin eye Carcass Dally Feed 
thickness area length Probe gain efficiency 
Lean outs Total 
Within breed 
Genetic 
-.61 
- .56 
-.46 
.70 
.66 
.89 
.82 
.33 
.90 
—. 69 
— • 63 
-.86 
—. 18 
-.16 
-.15 
—. 31 
-.33 
—. 59 
Backfat 
thickness 
Total 
Within breed 
Genetic 
-.39 
-.38 
— .48 
-.86 
-.35 
—. 39 
.71 
.66 
.68 
.19 
.30 
.74 
.06 
.06 
-.16 
Loin eye 
area 
Total 
Within breed 
Genetic 
—. 14 
.06 
.46 
— *49 
-.41 
-.66 
— .42 
-.47 
.67 
-.19 
-.27 
-.47 
Carcass 
length 
Total 
Within breed 
Genetic 
— .36 
— » 42 
—1.00 
.03 
-.11 
—. 69 
-.20 
-.16 
-.37 
Probe Total 
Within breed 
Genetic 
.16 
.20 
-.63 
.16 
.16 
-.73 
Daily 
gain 
Total 
Within breed 
Genetic 
— * 36 
-.29 
-1.30 
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of 200 pounds automatically induces a negative correlation 
between traits representing different body tissues. For 
example, if the pounds of lean cuts are increased, one or 
more of the fat, skeletal and offal tissues must decrease in 
amount if the weight is held constant. 
The correlation 'between daily gain and feed efficiency 
is a correlation between a ratio and the denominator of that 
ratio. Therefore, some automatic negativity is introduced, 
in addition to the purely biological relationship existing 
between the two traits. 
The gross and intrabreed correlations are very similar 
in magnitude. Only the smaller correlations of length with 
loin eye area and with daily gain change in sign. These 
differences could be due almost entirely to the Lgndrace 
breed which is the longest and fastest gaining breed but has 
a small loin eye area. 
Lean cuts is highly correlated negatively with backfat 
thickness and with probe. Lean cuts and loin eye area are 
highly correlated positively, indicating that pigs with large 
loin eye areas have more lean throughout. 
Carcass length is correlated positively with lean cuts 
and negatively with measures of fatness. From the correla­
tions involving feed efficiency it appears that the longer, 
leaner, faster gaining pigs are more efficient. 
The gross and intrabreed phenotyplc correlations of lean 
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cuts with ham, loin and shoulder were also computed. The 
gross correlations of lean cuts with the above were .82, .69, 
and .71, respectively. The intrabreed correlations were 
.84, .70, and .76. 
2. Genetic correlations 
The genetic correlations were computed by the variance-
covariance component method as described by Hazel et al. 
(1S43). The formula used was: 
r , "^*11 • 
glgj (CTS2(TS2)1/2 
where (fs^ j is the sire component of covariance for the two 
traits and (Ts| and (Ts? are the corresponding sire components 
of variance for traits i and j. The usual assumptions are 
that these components contain only one-fourth of the additive 
genetic variance plus a small fraction of the epistatic vari­
ance. However, any environmental correlation between half 
sibs or the general trend over the seasons in many of the 
traits would bias the sire components of variance upward as 
discussed previously. The sire components of covariance, 
on the other hand, could be biased in either direction, 
according to whether the environmental circumstances or the 
trends affected traits i and j in the same or opposite direc­
tions. The traits that show no trend will not be biased by 
this factor. 
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The pounds of lean cuts are correlated negatively with 
backfat thickness and probe and highly correlated positively 
with loin eye area. Probe appears to be a better indicator 
of lean cuts than backfat measurements both phenotyplcally 
and genetically. The genatic correlation of length with lean 
cuts and loin eye area is surprisingly high. The negative 
genetic correlations of length with backfat thickness and 
probe also were larger than the corresponding phenotyplc 
correlations. 
A high positive genetic correlation between gsin and 
backfat thickness was obtained whereas a smaller negative 
correlation between gain and lean cuts was found. This indi­
cates that the fatter pigs are the faster gaining pigs. How­
ever, the genetic correlations of gain with loin eye area and 
probe appear inconsistent with this explanation. 
The negative genetic correlations of feed efficiency with 
lean cuts and loin eye area indicate that the meatier pigs 
utilize feed to better advantage in converting feed into 
pounds of body tissue. On the other hand, the genetic corre­
lations of feed efficiency with backfat thickness and with 
probe were opposite to the phenotyplc correlations in sign, 
indicating that the genetically fatter pigs are more efficient. 
The strong, negative genetic correlation between feed effi­
ciency and gain indicates that the faster gaining pigs are 
more efficient, but much of this may be automatic. 
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Most estimates of genetic correlations are plagued with 
high sampling variances. Robertson (1958) has derived a 
formula for the variance of a genetic correlation when cer­
tain conditions sre met. The formula is: 
V(r ) = — - + —7—^  r 
g' n2t2 N - 1 N(n - 1) 
where 
P = nt(l - r|) + (l - t) (l - rgrw)2 + (l - t)2(rg - rw) 
and 
Q, = (1 - t)2(rg - rw)2 + (1 - rgrw)2 . 
Assuming equal heritabilities of .5, the variance of the 
genetic correlation between lean cuts and loin eye area was 
computed. The following values were used in the computation 
number of sires (N) 366; number per sire group (n) 1.5; 
intraclass correlation (t) .13; intragroup correlation (rw) 
.54; genetic correlation (rg) .89. The variance obtained in 
this example was .08 or a standard error of .28. The herit­
abilities and genetic correlation in the above example are 
large and therefore would have a smaller error than traits 
with smaller heritabilities or with a smaller genetic corre­
lation. 
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V. DISCUSSION 
The primary purpose of the central testing station is to 
provide useful information to the breeders that can be used 
in a selection program for herd improvement. The central 
testing station should provide a uniform test under standard 
conditions for all entries. The testing procedure at the 
Iowa Swine Testing Station provides a progeny test of the 
sire, a sib test of the remaining pigs in the litter and a 
production test on the Individual boars being tested. 
The improvement that has occurred in the carcass traits 
and live probe during the six seasons of testing is impres­
sive. The improvement appears larger than could have been 
expected from a genetic standpoint, even with intense selec­
tion on the part of breeders. For example, consider the 
means, standard deviations and heritabilities presented in 
Table 26. (The heritabillty values obtained for backfat 
thickness and live probe in this Investigation were greater 
than unity and values of .50 are used in this example • ) If 
selection is based on a single trait, the expected genetic 
progress per generation is the product of heritabillty and 
the selection differential. The selection differential is 
"--'the difference between the mean of those animals selected to 
be parents of the next generation and the mean of the popula­
tion from which they came. Where the phenotype can be 
measured on the animals selected to be parents, the expected 
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Table 26. Means, standard deviations and heritabilities 
adjusted for season of testing and carcass weight 
differences 
Trait Mean 
Standard 
deviation Heritabillty 
Pounds of lean cuts 71 .0 3.13 .49 
Backfat thickness 1 .55 
CO H
 .50 
Loin eye area 3 .53 .45 .66 
Carcass length 29 .1 
Live probe 1 .46 .19 .50 
Daily gain 1 .80 .20 .38 
C^omputed on a within breed basis. 
improvement is the product of heritability and the selection 
differential. This would be the case for live probe and dally 
gain. In those traits which require that animals be sacri­
ficed to obtain the measurement, a sib test on the remaining 
pigs in the litter must be utilized. Since only one barrow 
per litter was tested, the expected improvement reduces to 
one-half of that which could be accomplished as compared with 
direct phenotyplc selection. %is would be the case for lean 
cuts, backfat thickness, loin eye area and carcass length. 
If an average generation interval of two years is 
assumed, the average improvement per year is one-half the 
improvement per generation. A selection differential of one 
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standard deviation was assumed for each trait. This corre­
sponds to saving about 38 per cent of the population (65$ of 
the gilts and 10^  of the boars, etc.) for breeding purposes. 
The expected improvement per year for each trait, if selec­
tion is based wholly on that trait, is given in Table 27. 
Simultaneous selection for more than one trait or selection 
based on an index would reduce the expected change per year. 
Table 27. Actual change per year and expected change per 
year when selection is based wholly on one trait 
Trait 
Actual change Expected change 
per year per year 
Pounds of lean cuts +1.55 + .38 
Backfat thickness -.028 -.022 
Loin eye area + .218 + .074 
Carcass length + .175 + .072 
Live probe -.128 —. 048 
Daily gain -.033 + .038 
The actual improvement per year, also shown in Table 27, 
was obtained by computing the average difference between the 
spring seasons and the average difference between fall 
seasons. These two values were then averaged to obtain the 
average improvement per year. 
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The actual changes per year are larger than the expected 
changes for all traits except daily gain. Daily gain has 
shown a slight decrease during the three years of testing. 
The actual and expected changes are nearly the same for "back­
fat thickness. 
These data are sufficient to indicate that the breeders 
selected strongly against measures associated with fatness 
and paid very little attention to rate of gain. Measures of 
fatness are highly heritable and the genetic correlations are 
such that, if fatness alone were selected against, substantial 
Improvement would be made in the carcass traits. However, the 
actual improvement has been too great to explain on the basis 
of these computations alone. 
The index used for rating the pigs in the first five 
seasons weighted the live probe measurement more heavily than 
daily gain or feed efficiency. Therefore, the breeders could 
improve the level of performance of their pigs, as reflected 
by the indexes, most by selecting against fatness. The 
breeders had a strong incentive to have their pigs perform 
well in the tests since boars that indexed high usually sold 
for high prices. Also, they could demand higher prices for 
other breeding stock when their pigs performed well in the 
tests, Since independent castration levels for gain and 
probe as well as for a minimum index were enforced, overly 
fat boars and those which gained poorly were not sold. 
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In spite of these considerations, the actual improvement 
appears to be larger than could be expected on any logical 
basis. It seems unlikely that the breeders could have select­
ed more intensely than postulated in computing the figures in 
Table 27. Still, this may have been the case if other cri­
teria for selection were more effective than postulated. For 
example, visual selection of meatier pigs may have not only 
contributed to genetic gain, but may have enabled breeders to 
select better than average representatives of their herds to 
be tested. If this ability increased during the period under 
study, the actual Improvement made in the testing station 
would not be representative of the improvement made in the 
breeders1 herds. 
The negative genetic correlation between daily gain and 
lean cuts and the positive genetic correlation between daily 
gain and backfat thickness are disturbing. Daily gain has 
long been recognized as an economically Important trait and 
has been emphasized heavily in selection programs. If too 
much emphasis is placed on selecting for meatiness, the 
production of slow gaining, uneconomical pigs could result. 
An economic Incentive must be maintained if the breeders 
are to continue to improve the meat qualities of the pig. 
Fredeen (1953) found that no material change had taken place 
for carcass traits in the Canadian Yorkshire in 20 years of 
progeny testing. The high heritabilities and the large amount 
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of variation indicated that much progress could have been 
accomplished if the breeders had utilized the test informa­
tion. He concluded that there was little economic incentive 
for the breeders to improve carcass performance since there 
was no price differential between the two top grades. 
In Denmark, the emphasis in swine testing has been for 
carcass merit for a number of years. Decided improvement has 
been made in decreasing backfat thickness and improving the 
meat qualities in pigs from the testing stations since 
1952-53 (Clausen and Thorns en, 1959). Prior to this time, 
steady Improvement in daily gain, feed conversion rate and 
carcass length had been made. The Danish breeders have an 
incentive to produce pigs with superior carcass character­
istics since their export market demands a high quality 
product. Therefore, progeny proven boars for carcass merit 
are in demand and sell for high prices. 
The commercial hog producer is the main outlet for pure­
bred boars in the United States. Slaughter pigs with superior 
meat qualities must receive higher than average prices if 
these commercial men are expected to buy meat type boars. 
Many packing plants have inaugurated programs in an attempt 
to accomplish this aim. However, most of these programs are 
based on rough approximations and a more accurate method is 
needed. 
Differences among the breeds constituted an important 
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source of variation for all traits studied except pounds of 
shoulder. Large breed differences in regard to measures of 
meatiness, fatness, rate and efficiency of gain suggest that 
breed crosses could be utilized to produce pigs of high over­
all merit. 
The most reliable heritability estimates obtained in 
this study are thought to be those computed on a within season 
basis using data from only the first two seasons. These 
figures are presented in Table 22. The heritabilities and 
variation are of sufficient magnitude to insure continued 
improvement if intense selection is practiced. 
The possible important biases involved in calculating 
the heritabilities are discussed in a previous section. The 
important sources of bias appear to be: l) common pre-test 
environment, 2) unaccounted for relationships existing be­
tween the dams, 3) confounding of farm and sire effects, 
4) the general trend in the data, 5) epistasis and 6) the 
selective or non-random nature of pigs within a sire group. 
An of the sources except the last would bias herltability 
upward. The selection of pigs could bias herltability in 
either direction. If selection of pigs for testing by a 
particular breeder for uniform type results in a more uniform 
group for the traits under study, the within sire variation 
would be reduced- This would bias herltability upward. On 
the other hand, if most breeders practice strong selection in 
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the same direction it would reduce the variation between 
sires and thus reduce the herltability estimate. However, in 
the analysis where farms were included in the model, the 
selective effect should be in the farm component unless a 
breeder selected different types from different sires. 
The common pre-test environment for a particular season 
would be important only for the first two seasons since these 
were the only seasons when two barrows per sire were avail­
able. Therefore, heritabilities obtained in the restricted 
analysis would be affected more by this effect than the herit­
abilities calculated from the analyses involving all the data. 
The herltability values obtained in the restricted anal­
ysis are for the most part similar to those reported in other 
studies. The value of .49 for pounds of lean cuts is some­
what higher than the average value of .31 reported by Craft 
(1958). 
The pounds of ham and loin were found to be more highly 
heritable than pounds of shoulder. Since the ham and loin 
cuts are the higher priced cuts, this is an encouraging re­
sult. Also, the increase in lean cuts during the seasons 
has been due to increases in ham and loin. The pounds of 
shoulder did not increase over the seasons. Selection based 
on ham and loin may be more profitable than selection for 
lean cuts. 
The value of .66 was obtained for herltability of loin 
77 
eye area. This is the same figure obtained by Fredeen (1953) 
in the Canadian Yorkshire data. An average value of .48 was 
reported by Craft (1958). However, the present estimate is 
probably biased upward by farm effects which were found to be 
an important source of variation in the analysis including 
farms. 
Heritability of length was found to be .41. This is in 
good agreement with the values of .54, .62, .40 and .48 re­
ported by Lush (1936), Johansson and Korkman (1950), Fredeen 
(Î953) and Anderson (1954), respectively. 
The value of .38 for daily gain is somewhat higher than 
figures obtained in other studies. Craft (1958) reports an 
average value of .29 for daily gain. Again, the farm and 
sire effects are confounded in this analysis. Farm effects 
were found to be important for daily gain in the analysis 
including farms and therefore probably biased the present 
value upward. Sutherland (1958) and Cox ( 1959) reported 
herltability values of .85 and .58 for daily gain obtained 
from boar and barrow data from the same source as the present 
study. 
Herltability values of greater than unity were obtained 
for backfat thickness and probe. Sutherland (1958) also ob­
tained a value greater than unity for probe using boar and 
barrow data from the first three seasons of testing. Cox 
(1959) found that herltability was reduced from unity to .49 
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when the effects of farm differences were removed. Farm 
differences did not seem to be important in the present study 
for either backfat or probe. However, farm and sire effects 
could be partially confounded as was discussed previously. 
Obviously, the sire differences are greater or the within 
sire variation is smaller than one would expect from a random 
sample of pigs. Phenotypic selection of parents and off­
spring could affect the present estimates since fatness is 
easier to observe than the other traits studied. If breeders 
differ in their ability to select pigs or only part of the 
breeders practiced selection, this could lead to larger dif­
ferences between sires and to smaller differences within 
sires. However, most of the effect of pre-test selection 
should be included in the farm component. If there was a 
general trend for breeders to practice more intense selection 
as the seasons progressed, this effect would appear in the 
sire component. 
The genetic correlations are prevailing complementary 
as regards merit. The genetic correlations Involving only 
carcass traits appear to have more stability and are more 
easily interpreted than those involving gain and efficiency. 
This is to be expected since the carcass traits are more 
highly heritable than gain and efficiency. Robertson's (1959) 
formula for the variance of a genetic correlation depends on 
the magnitude of the intra-class correlation. Therefore, the 
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genetic correlations involving gain and efficiency sre subject 
to higher standard errors than those involving the carcass 
traits. 
The negative genetic correlations of lean cuts with back­
fat thickness and probe are in agreement with the results 
obtained by Fredeen (1953) and Anderson (1954). 
A genetic correlation of .90 was obtained between carcass 
length and lean cuts. This is somewhat higher than the value 
of .65 reported by Anderson (1954). Fredeen (1955) reported 
correlations of -.225 and -.017 for carcass length with per 
cent ham and per cent shoulder, respectively. 
A genetic correlation of -.39 was found between carcass 
length and backfat thickness. This is somewhat higher than 
the values obtained by Fredeen (1953) but is lower than the 
-1.24 found by Anderson (1954). Jonsson (1957; reported a 
correlation of -.579 between carcass length and backfat thick­
ness in the Danish Landrace. Carcass length and probe were 
also found to be strongly negatively correlated in the present 
study. The genetic correlations obtained in this study indi­
cate that selection for carcass length should result in pigs 
with more lean cuts and thinner backfat. 
Negative genetic correlations of carcass length with 
daily gain and feed efficiency were obtained. Fredeen (1953) 
and Anderson (1954) reported negative correlations of carcass 
length with gain but slightly positive correlations with feed 
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efficiency. 
The genetic correlations of gain with measures of meati-
ness ana fatness are somewhat confusing. Daily gain was nega­
tively correlated with lean cuts but positively correlated 
with loin eye area. Also, gain was positively correlated 
with backfat thickness but negatively correlated with probe-
The negative genetic correlation between gain and probe is 
contradictory to the results obtained by Sutherland (1958) and 
Cox (1959). Dickerson (194?) reported a genetic correlation 
of -.61 between gain and lean cuts. Fredeen (1953) found 
genetic correlations of .093 and .090 of age at 200 pounds 
(an inverse measure of gain) with per cent ham and per cent 
shoulder, respectively. A genetic correlation of -.25 between 
per cent lean cuts and gain was obtained by Anderson (1954). 
The correlations of gain with measures of meatiness and 
fatness appear to change during the pig's life up to 200 
pounds. British and Danish workers report that pigs that gain 
fast up to weaning and slowly thereafter will have meatier 
carcasses upon being slaughtered. Conversely, slow gaining 
pigs up to weaning and fast gaining thereafter results in 
fatter carcasses. Therefore, to obtain a clearer relationship 
of gain with meatiness or fatness, correlations should be 
computed over various periods of the pig1s life. 
The strong negative correlation between gain and effi­
ciency indicates that the faster gaining pigs are more effi-
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clent. This Is In agreement with the findings of Fredeen 
(1953), Anderson (1954) and Sutherland (1958). 
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VI. SUMMARY 
The purpose of this study was to investigate the genetic 
and environmental factors influencing production and carcass 
traits in "barrows. The heritabilities and genetic correla­
tions of these traits were obtained. Changes in the various 
traits over the six seasons of testing are also examined and 
discussed. 
The data used in the investigation were obtained from the 
Iowa Swine Testing Station at Ames, Iowa. They include 538 
barrows representing nine breeds that were tested during the 
first six seasons of operation. The traits studied were 
pounds of lean cuts of the chilled carcass, pounds of,skinned 
ham, pounds of trimmed loin, pounds of trimmed shoulder, 
backfat thickness, carcass length, loin eye area, live probe, 
daily gain and feed efficiency. 
Improvement in many of the carcass traits was made over 
the six seasons of testing (Table ll). The pounds of lean 
cuts yielded by a 140-pound carcass increased notably over 
the six testing periods. This increase was due to increases 
in the pounds of ham and loin. No increase was apparent in 
the pounds of shoulder. 
Backfat thickness and probe have decreased corresponding 
to the Increase in lean cuts. The loin eye area (longissimus 
dorsi) has increased notably over the six testing periods. 
Carcass length has increased slightly having an overall aver­
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age of 29.1 inches. A slight downward trend in daily gain 
was present. 
-Seasonal differences (summer versus winter) were apparent 
with the winter tested pigs having more lean cuts, a larger 
loin eye area, and correspondingly less backfat and a lower 
probe. A large seasonal difference in feed efficiency was 
found to exist with the summer tested pigs being more effi­
cient. 
Breed differences were found to be an important source 
of variation for all the traits studied except pounds of 
shoulder. Barrows of the Hampshire breed had the least back­
fat, probed the lowest and yielded the most lean cuts. Poland 
China barrows had the heaviest ham and largest loin eye areas. 
The Landrace, Tamworth and Yorkshire yielded longer carcasses. 
The Landrace and Duroc were the faster gaining breeds where­
as the Yorkshire, Landrace and Duroc breeds were more effi­
cient. 
Least squares estimates of constants were computed and 
used to correct the data for season of testing and carcass 
weight differences. A one pound Increase in the chilled car­
cass weight was associated with increases of .394 pounds of 
lean cuts, .153 pounds of ham, .141 pounds of loin, .101 
pounds of shoulder, .011 inches of backfat, .018 square 
inches of loin eye area and .026 inches in length. 
The most reliable herltability estimates obtained in this 
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study are thought to be those computed on a within season 
basis using only the first two seasons' data. These values 
are: pounds of lean cuts, .49; pounds of ham, .80; pounds 
of loin, .85; pounds of shoulder, .18; backfat thickness, 
1.22; loin eye area, .66; length, .41; probe, 1.08; and 
gain, .38. The possible sources of bias involved in comput­
ing the herltability values are discussed briefly. 
The phenotypic and genetic correlations are presented 
in Tables 23 and 24. The genetic correlations involving the 
carcass traits appear to be more stable and are easier to 
interpret than those involving gain and efficiency. This is 
to be expected since the carcass traits are more highly 
heritable and thus the sampling variances of the genetic cor­
relations are less. The larger genetic correlations are pre­
vailingly complementary in regard to overall merit and there­
fore should not retard improvement. 
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